The genus Streptomyces was first described by Waksman & Henrici (1943) . It is the largest genus of the Actinobacteria. Members of the genus are well known as producing antibiotics and bioactive compounds (B erdy, 2005; Watve et al., 2001) . Streptomycetes are aerobic, Gram-positive bacteria with high DNA G+C content (69-78 mol%) in their genomes and form extensively branched aerial and substrate mycelia. The mature aerial mycelium develops into spore chains consisting of three to many spores (K€ ampfer, 2012) . The cell wall of most members contains LL-diaminopimelic acid in their peptidoglycan with no diagnostic whole-cell sugars, i.e. cell-wall chemotype I (Lechevalier & Lechevalier, 1970) . Mycolic acids are not present in any species. They contain typically menaquinone with nine isoprene units as the major quinone and major amounts of saturated isoand anteiso-branched fatty acids. The typical phospholipids comprise phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol and phosphatidylinositol mannosides. Classification of Streptomyces species must be based on clearly different genotypic and phenotypic features (Li et al., 2002; K€ ampfer, 2012) . During a study on the bioactivity of rhizosphere actinomycetes from oil palm, an actinomycete strain (CMU-AB204 T ) showing antifungal activity was isolated. Morphological characteristics of the isolate were typical of the genus Streptomyces. The present study aimed to clarify the taxonomic position of strain CMU-AB204 T using a polyphasic approach.
Strain CMU-AB204 T was isolated from rhizosphere of oil palm (Elaeis guineensis Jacq.) collected from the oil palm plantation in Chiang Mai University, Chiang Mai Province, northern Thailand, in October 2012. Rhizosphere soil was suspended in sterile distilled water and then shaken for 30 min, and the soil suspension was appropriately diluted before being spread onto starch casein agar (SCA) (Küster & Williams, 1964) ). After 14 days of incubation at 30 C, the isolate was transferred and purified on International Streptomyces Project (ISP) 2 medium (Shirling & Gottlieb, 1966) . The pure culture was maintained on ISP 2 slant medium at 28 C and the spore and mycelia fragments in 15 % (v/v) glycerol at À80 C.
Morphological characteristics of strain CMU-AB204 T were observed using both light microscopy and scanning electron microscopy (JSM-5910LV; JEOL) after incubation at 30 C for 14 days on ISP 2 medium. Cultural and physiological properties of strain CMU-AB204
T and its closely related type strains were determined following the standard procedure of the ISP (Shirling & Gottlieb, 1966) . Colours of aerial and substrate mycelia, and diffusible pigments were recorded using the Color Harmony Manual chips (Taylor et al., 1958) . Growth at different temperatures was determined on ISP 2 agar incubated at 10, 15, 20, 30, 35, 40, 45 and 50 C for 14 days. NaCl tolerance was tested in ISP 2 broth supplemented with various concentrations of NaCl (0, 1, 2, 3, 4, 5, 7 %, w/v) and adjusted to pH 7.0. The pH range for growth (4.0-10.0, at intervals of 1.0 pH unit) was also assessed in ISP 2 broth medium, with pH adjusted to the desired values with sterile 1 M HCl or 1 M Na 2 CO 3 after autoclaving. Growth at various NaCl concentrations and at pH 4-10 was evaluated after 14 days of incubation at 28 C on a rotary shaker.
Biomass for chemotaxonomic analyses was obtained from cultures grown in ISP 2 broth in flasks shaken on a rotary shaking incubator at 150 r.p.m. and 30 C for 7 days. The cells were harvested by centrifugation at 6500 r.p.m. for 10 min, were then washed twice with sterile distilled water and freeze-dried using a lyophilizer. The isomers of diaminopimelic acid were analysed by TLC on a cellulose sheet (Merck) (Staneck & Roberts, 1974) . Whole-cell sugars were determined using HPLC following the procedure of Mikami & Ishida (1983) . Menaquinones (MK) were extracted as described by Collins et al. (1977) and identified by HPLC (Tamaoka et al., 1983) . Cellular fatty acids were extracted and analysed by GC (Model 6890; Hewlett Packard) using the Microbial Identification software package Sherlock version 6.2B (MIDI, TSBA40 database) (Sasser, 1990) . Polar lipids were extracted and detected by two-dimensional TLC according to the procedures of Minnikin et al. (1984) .
Genomic DNA of strain CMU-AB204
T was extracted and the 16S rRNA gene was amplified using two PCR primers, 27f (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and 1492r (5¢-TACCTTGTTACGACTT-3¢). The amplified 16S rRNA gene fragment was purified and subjected to sequencing following the method of Nakajima et al. (1999) . The resultant sequence was compared with corresponding sequences of type strains available from GenBank and EzTaxon-e database (Kim et al., 2012) . The 16S rRNA gene sequence of strain CMU-AB204
T and its closely related taxa of validly published species in the genus Streptomyces were retrieved from GenBank and aligned using CLUSTAL W version 2.1 (Larkin et al., 2007) . Evolutionary trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximumlikelihood (Felsenstein, 1981) methods in the MEGA software package version 6.06 (Tamura et al., 2013) . Phylogenetic distances were calculated with Kimura's two-parameter method (Kimura, 1980) and bootstrap analysis was undertaken with 1000 replicates to evaluate the statistical reliability of the tree topology (Felsenstein, 1985) . Determination of G+C content in the genomic DNA was carried out using freeze-dried cells for a chemotaxonomic assay. DNA extraction and purification were conducted following the standard protocol of Reader & Broda (1985) and the genomic DNA G+C content was analysed by HPLC according to the procedure of Tamaoka & Komagata (1984) .
Strain CMU-AB204
T was aerobic and Gram-stain-positive. The organism produced spiny to hairy surfaced spores (0.7-1.0Â1.0-1.3 µm) with oval shape. The spore chain consisted of 20-50 or more spores per chain and formed compact spirals with a Spirales type morphology (Fig. 1) . The strain grew well and developed more abundant aerial mycelia on ISP 2 and ISP 4 (inorganic salt-starch agar) than on ISP 3 (oatmeal agar) or ISP 5 (glycerol-asparagine agar). Aerial and substrate mycelia were formed without fragmentation. Grey to taupe brown aerial mycelium and covert grey to light brown substrate mycelium were produced on different ISP media (Table 1) . Strain CMU-AB204
T produced neither soluble pigment on any ISP media tested nor melanin pigment on either ISP 6 (peptone-yeast extract iron agar) or ISP 7 (tyrosine agar). Growth was observed at 15-45 C (optimal, 30-35 C), with 0-3 % (w/v) NaCl (optimum, 1 %) and at pH 5.0-10.0 (optimal, 6-9). It utilized glucose, myo-inositol, D-fructose and raffinose as carbon sources but not L-arabinose, sucrose, D-xylose, D-mannitol or rhamnose. The physiological characteristics of strain CMU-AB204 T and its nearest phylogenetic neighbours are given in Table 2 . Whole-cell hydrolysates of strain CMU-AB204
T consisted of LL-diaminopimelic acid as the diamino acid of the cellwall peptidoglycan and contained glucose, ribose and galactose as whole-cell sugars, indicating cell-wall chemotype I of Lechevalier & Lechevalier (1970) . The profile of major cellular fatty acids consisted of iso-C 15 : 0 (16.8 %), Table 1 . Growth and cultural characteristics of strain CMU-AB204 T Petri dishes were incubated at 30 C for 21 days. Diffusible pigments were not detected on any of the media tested. Colours were recorded using the Color Harmony Manual chips (Taylor et al., 1958 Streptomyces palmae sp. nov.
iso-C 16 : 0 (14.8 %), anteiso-C 15 : 0 (14.5 %), C 16 : 0 (12.1 %) and anteiso-C 17 : 0 (10.5 %) (Table S1 , available in the online Supplementary Material). The isolate contained mainly saturated iso-and anteiso-branched chain fatty acids, which matched data for most Streptomyces species (Kroppenstedt, 1985) . The major menaquinones were MK-9(H 4 ) (51.4 %), MK-9(H 6 ) (14.0 %), MK-9(H 2 ) (9.8 %) and MK-8(H 4 ) (9.4 %). The phospholipid composition of strain CMU-AB204 T consisted of phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and an unknown phospholipid. On the basis of morphological and chemotaxonomic properties, strain CMU-AB204
T belongs to the genus Streptomyces (K€ ampfer, 2012 The phylogenetic tree based on the maximum-likelihood algorithm showed that strain CMU-AB204
T formed a distinct phyletic line with the type strains of the above five closely related species but adjacent to S. xinghaiensis JCM 16958 T and S. orinoci JCM 4546 T (Fig. 2) . The same taxonomic position of strain CMU-AB204 T was also recovered by the two other tree-making methods, neighbour-joining and maximum-parsimony, which were supported by significant bootstrap values (Figs S1 and S2 ). The phylogenetic relationship showed that strain CMU-AB204
T was related most closely to S. xinghaiensis JCM 16958 T (98.3 % 16S rRNA gene sequenmce similarity) which corresponds to 24 nt differences at 1448 locations. The genomic DNA G+C content of strain CMU-AB204 T was 70.9 mol%. Stackebrandt & Ebers (2006) suggested that DNA-DNA hybridization (DDH) is required when 16S rRNA gene sequence similarity between two strains is above 98.7 %. Below this threshold, the level of DDH among two strains belonging to separate species is less than the species demarcation cut-off value of 70 %. Therefore, a DDH experiment was not performed in the present study since the 16S rRNA gene sequence similarity between strain CMU-AB204 T and its nearest phylogenetic neighbours was not higher than the recommended threshold value. It is thus proposed that strain CMU-AB204
T should be differentiated from the closely related Streptomyces species and represents a potential novel species.
Several distinct phenotypic and physiological characteristics demonstrated that strain CMU-AB204
T differed from those of the closely related type strains (Table 2) Based on its chemotaxonomic, morphological and physiological properties, together with phylogenetic position, strain CMU-AB204
T could be distinguished from its closest relatives, and this evidence also supports the hypothesis that strain CMU-AB204
T represents a novel species. Thus, it is proposed that this strain should be classified as representing a novel species of the genus Streptomyces, for which the name Streptomyces palmae sp. nov. is proposed.
Description of Streptomyces palmae sp. nov.
Streptomyces palmae (pal¢mae. L. gen. n. palmae of an oil palm-tree, referring to the plant from which the rhizosphere soil was collected and the type strain was isolated).
Gram-stain-positive, aerobic and non-motile streptomycete. Aerial and substrate mycelia are well developed without fragmentation. Grows well and forms abundant aerial mycelia on ISP 2 and ISP 4 but grows poorly on ISP 3 and ISP 5. Soluble pigments are not produced on ISP 2-5 media. Melanin is not formed on ISP 6 or ISP 7. The aerial mycelia are grey to taupe brown and the substrate mycelia are light brown to covert grey. Compact spiral chains consist of 20-50 or more oval-shaped, spiny to hairy surfaced spores (0.7-1.0Â1.0-1.3 µm) per chain. The cell-wall hydrolysate contains LL-diaminopimelic acid, glucose, ribose and galactose. Major cellular fatty acids are iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 . Predominant menaquinones are MK-9(H 4 ), MK-9(H 6 ), MK-9(H 2 ) and MK-8(H 4 ). The major phospholipids are phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylglycerol. Optimal conditions for growth are 30-35 C and pH 6-9. Grows with 3 % (w/v) NaCl. Utilizes D-glucose, myo-inositol, D-fructose and raffinose as carbon sources for growth but not L-arabinose, sucrose, D-xylose, D-mannitol or rhamnose.
The type strain, CMU-AB204 T (=JCM 31289 T =TBRC 1999 T ), was isolated from the rhizosphere soil of an oil palm (Elaeis guineensis Jacq.) collected from Chiang Mai University, Chiang Mai Province, Thailand. The G+C content of the genomic DNA of the type strain is 70.9 mol%.
